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O|:o  the  national-security  space  pro¬ 
gram  and  becausespacecontin  uesto 
be  my  abiding  passion,  it  is  not  surprising 
that  I  have  chosen  to  write  about  space-spe- 
cifi  cal  I y , th esi g n i f i  cantchangesintheevolu- 
tion  of  the  national  space  program  and  my 
views  on  the  implications  for  military  space. 


Thearti  clealsoaddressessomerami  fi  cations 
for  the  intelligence  community. 

A  vital  ly  i  important  topic,  space  has  always 
played  a  significant  strategic  military  role, 
but  the  mainstream  neither  understood  it 
nor ap  preci  ated  i  tscri  ti  cal  i  ty to  mod  ern  tacti  - 
cal  war  fighting— until  Operation  Desert 
Storm,  which  opened  the  eyes  of  senior  mili¬ 
tary  leaders.  Now,  space  is  like  air- 


*This  article  is  adapted  from  the  annual  von  Karman  lecture  that  the  author  presented  to  the  National  Convention  of  the  American 
Institute  of  Aeronautics  and  Astronautics  at  Reno,  Nevada,  on  13  January  1998. 
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conditioning— everyone  who  needs  and 
wants  information  from  space  wonders  how 
we  ever  got  along  without  it.  All  joint  docu- 
mentsunderscorethisfact,indudingJo/nt  Vi¬ 
sion  2010  and  Transforming  Defense:  National 
Security  in  the  21st  Century,  the  latter  report 
emphasizing  the  importance  of  space  and 
stating  that  "unrestricted  use  of  space  has  be¬ 
come  a  strategic  interest  of  the  United 
States.”1 

Although  other  services  have  been  in¬ 
volved  in  space  and  certainly  employ  data 
from  space  in  all  operations,  the  Air  Force  is 
the  space  service  for  the  Department  of  De¬ 
fense  (DOD),  providing  the  overwhelming 
majority  of  both  the  military  space  budget 
and  the  people  engaged  in  space  acquisition 
and  op  era  ti  ons.  0  ver  the  I  ast  15  years,  the  i  im¬ 
portance  of  space  within  theAir  Forcehasin- 
creased  substantially.  Flowever,  the  airplane 
culture  has  been  clearly  dominant.  Today,  for 
a  variety  of  reasons-Desert  Storm,  loss  of 
overseas  information-gathering  assets,  the 
growi  ng  mi  I  itary  dependency  on  space,  tech- 
nol  ogythatpermitstheplacingofmorecapa- 
bilitiesin  space,  and  thesteadily  diminishing 
DOD  budget— the  Air  Force  has  totally  and 
unequivocally  embraced  the  space  mission 
and  has  made  a  commitment  to  its  steward- 
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ship.  Nowhere  is  this  commitment  better 
enunciated  than  in  the  strategic-vision  docu¬ 
ment  Global  Engagement:  A  Vision  forthe21st 
Century  Air  Force:  "We  are  now  transiti  oni  ng 
from  an  a/rforce  into  ar\ai  r  and  spacef orceon 
an  evolutionary  path  to  a  space  and  air  force" 
(emphasis  in  original).2  This  document  also 
envi  si  ons  the  i  n  tegrati  on  of  ai  r  and  space,  op- 
erationally  and  institutionally.  It  is  interest¬ 
ing  to  note  that  Air  Force  thinking  on  this 
vision  has  evolved  in  recent  months  to  the 
point  that  senior  officials  now  talk  about  a 
seam  I  ess  aero  space  rath  er  th  an  a  space  an  d  ai  r 
force. 

Making  this  vision  a  reality  will  be  one  of 
the  Ai  r  Force's  bi  ggest  chal  I  enges  i  n  the  next 
century.  Besides  melding  the  air  and  space 
cultures,  which  will  takeyearsto  achieve,  the 
servicealsofacesthechal  lengeofevolvingthe 
necessarytech  nol  ogy  i  nthefaceof  con  ti  n  ued 
budget  pressure.  Military  space  programs 
have  fared  well  in  this  decade-the  topline 
bu  dget  h  asgen  er  al  I  y  re  mai  n  ed  con  stant  while 
most  of  the  other  major  mission  areas  have 
declined.  The  military  space  budget  today  is 
around  $7  billion,  85  percent  of  which  is  in 
the  Ai  r  Force3  This  budget  sustai  ns  and  mod- 
ernizes  the  communications,  navigation, 
warning,  weather,  space  command  and  con¬ 
trol,  and  launch  capabilities  on  which  we  all 
depend.  I  n  the  absence  of  a  major  change  in 
the  threat  or  the  geopolitical  equation,  the 
next  century  likely  will  continue  to  see  sig- 
nifi  cant  pressureonthedefensebudget.Tore 
alize the  evolutionary  vision  of  theAir  Force, 
however,  will  probablyen  tail  performingnew 
missions  from  space.  Given  the  continued 
budget  constrai  nts,  the  Ai  r  Force  wi  1 1  have  an 
increasingly  difficult  time  funding  the  sus¬ 
tainment  of  current  military-space  force 
structurewhileatthesametimepursuingnew 
opportunitiescriti  caltorealizingourvision. 

This  article  suggests  a  greater  reliance  on 
commercial  space  as  an  approach  to  this  di¬ 
lemma.  On  the  one  hand,  commercialization  is 
not  atotal  panacea.  To  besure,  somefunctions 
arenot amenabl  eto com  merci al  i  zati on ,  such  as 
missile  warning,  signals  intelligence,  certain 
surveillance  functions  integrated  into  weapon 


systems,  heroically  survivable  assured  com¬ 
munications,  and  space  weapons.  On  the 
other  hand,  the  commercial  space  industry  is 
ex  pandingatsucharateand  with  such  marvel- 
ousca  pa  bi  I  i  ti  esthat  it  seemsreason  abl  eif  not 
inevitable  that  a  number  of  missions-hereto- 
fore  the  exclusive  province  of  the  govern¬ 
ment— can  be  satisfied  or  augmented 
commercially.  We  can  also  realize  significant 
efficiencies  by  taking  advantage  of  commer¬ 
cial  space. 


Evolution  of  the  National  Space 
Sectors 

The  Soviets'  launch  of  Sputnik  I  created  a 
crisis  of  US  national  identity  that  galvanized 
both  government  and  industry.  One  of  Presi¬ 
dent  Dwight  Eisenhower's  initiatives  to  deal 
with  this  crisis  was  the  National  Aeronautics 
and  Space  Act  of  1958,  which  created  the  Na¬ 
tional  Aeronautics  and  Space  Administration 
(NASA)  and  established  the  policy  that  de¬ 
voted  the  civil  space  program  to  "peaceful 
purposes  for  the  benefit  of  all  mankind.”  At 
the  same  time,  the  act  clearly  stated  that  "ac¬ 
tivities  peculiar  to  or  primarily  associated 
with  the  development  of  weapon  systems, 
military  operations,  or  the  defense  of  the 
United  States  (including  the  research  and  de¬ 
velopment  necessary  to  make  effective  provi¬ 
sion  forthedefenseoftheUnited  States)  shall 
betherespon  si  bil  ityoftheDepartmentof  De¬ 
fense.”4  In  other  words,  the  act  explicitly  es¬ 
tablish  ed— tn  I  aw  an  d  i  n  po  I  i  cy-a  sepa  rate  an  d 
independent  military  space  program. 

At  abo ut  th  i  ssame ti  me,  th e  Ei  s  en  ho wer  ad- 
ministration  had  grave  con cernsthattheSovi - 
ets  enj oyed  a  I arge  I  ead  over  the  U n ited  States 
in  the  development  of  long-range  mis 
siles-the  beginning  of  the  so-called  missile 
gap.Toobtainhardintel  li  genceon  Soviet  mis 
si  I  e  development,  a  joint  Central  Intelligence 
Agency  (CIA)-Air  Force  team  developed  the 
U-2  ai  rcraft,  whi  ch  began  f  ly  i  ngovertheUSSR 
in  June  1956.  Because  of  the  vulnerability  of 
these  aircraft,  the  Cl  A  and  Ai  r  Force  began  the 
development  of  reconnaissance  satellites, 
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combining  these  separate  efforts  with  the 
creation  of  the  National  Reconnaissance  Of¬ 
fice  ( N  RO )  i  n  Sep  tem  ber  196 1 . 5  Th  i  s  cov  ert  of- 
fice-whose  existence  remained  unknown 
until  1992— con  ducted  itsoperationsin theut- 
most  secrecy. 

Thus,  three  space  sectors—civi  I,  military, 
and  intelligence— have  existed  since  1961. 
Although  the  sectors  interacted  in  areas 
such  as  selected  technology  transfer, 
launch,  and  satellite  command  and  control, 
they  remained  independentfor30years,for 
the  most  part  due  to  distinct  differences  in 
their  missions. 

Thefourth  sector— com  merci  al — al  so  began 
in  the  early  1960s  with  thelaunch  of  thefirst 
communications  satellite.  From  the  outset, 
space  communications  proved  an  attractive 
venture  and,  over  time,  grew  not  only  in  the 
United  States  but  also  in  Canada,  Great  Brit¬ 
ain,  France,  and  several  international  consor¬ 
tia,  all  of  whom  built  commercial  com¬ 
munications  satellites.  Although  the  other 
sestorshadtheiroriginsin  law  and  presiden¬ 
tial  policy,  not  until  the  Reagan  administra¬ 
tion  did  we  identify  commercial  space  as  a 
separate  sector  with  comprehensive  policy 
underpinnings.6  Growth  of  the 
communications-satellite  market;  industry 
expansion;  and  emerging  commercial  mar¬ 
kets  for  launch,  navigation,  and  remote  sens¬ 
ing  led  to  thisformal  recognition.  Moreover, 
this  emerging  industry  also  faced  foreign 
competition— either  from  international  con¬ 
sortia  or  from  strong  aerospace  countries 
such  as  France.  Because  the  Reagan  admini¬ 
stration  was  clearly  probusiness,  it  believed 
that  commercial  space  needed  a  solid  public- 
policy  foundation. 

Th i s  bi t  of  space  h i story  provi des  a  h i stori - 
cal  context  for  the  components  of  our  na¬ 
tional  space  program.  In  sum,  we  established 
our  four  space  sectors  as  independent  enti¬ 
ties.  Each  president  since  Eisenhower 
enunciated  his  administration's  space  policy, 
which  reaffi  rmed  the  separateness  of  the  sec¬ 
tors.  In  thelast  15  years,  the  sectors  gradually 
havebecomemorei  n  terdepend  ent.To  day,  for 
example,  NASA,  the  NRO,  and  the  Air  Force 


are  entering  into  cooperative  partnerships— 
including  joint  architectures,  technology 
sharing,  and  joint  programs-at  an  unprece¬ 
dented  rate.  All  sectors  will  continue  to  con- 


Three  space  sectors-civil,  military, 
and  intelligence— have  existed  since 
1961 _ They  remained  indepen¬ 

dent  for  30  years,  for  the  most  part 
due  to  distinct  differences  in  their 
missions. 


verge  and  overlap— an  interdependencethatis 
not  only  inexorable  but  also  good  govern¬ 
ment. 

To  use  a  solar-system  analogy,  one  may  de- 
scri  be  space  sectors  as  pi  an  ets  i  n  thei  r  own  or¬ 
bits,  which,  over  time,  have  begun  to 
converge.  In  the  twenty-first  century,  the 
planet/sector  with  the  highest  density— and 
thus  gravitational  pull— may  well  be  the  com¬ 
mercial  sphere.  In  other  words,  although  we 
will  always  have  a  compel  ling  need  for  strong 
military,  intelligence,  and  civil  space  sectors, 
sometradi  tional  missionswill  likely  break  off 
and  be  absorbed  by  the  commercial  sector. 

The  Explosion 
of  Commercial  Space 

For  nearly  40  years,  the  government  has 
dominated  the  space  business.  Low-risk,  cost- 
pi  us  contracts  with  NASA,  the  military,  or  the 
intelligence  community  were  the  norm.  To¬ 
day,  that  picture  is  changing,  and  the  rate  of 
change  will  become  even  more  dramatic.  A 
number  of  factors  have  contributed  to  this 
phenomenon  :therapid  evolution  of  informa¬ 
tion  technologies,  such  as  the  explosive 
growth  in  semiconductor  technology  and  the 
extraordinary  advances  in  digital  signal  pro- 
cessi  ngand  voi  cecom  pressi  on;  prog  ressi  n  i  n- 
ternational  space  policy,  including  the  in- 
creasi  ngderegu  I  ati  on  oftel  ecom  mu  ni  cati  ons 
services,  the  allocation  of  new  spectrums  to 
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Discovery  is  launched  on  the  first  all-military  shuttle 
mission  on  24  January  1985.  “Although  the  government 
used  to  have  a  virtual  monopoly  on  the  systems  and  sites 
to  access  space,  that  picture  has  fundamentally 
changed.  ” 

commercial  satellite  communications,  and 
the  allowance  of  higher  imagery  resolution 
for  commercial  remote  sensing;  fundamental 
changes  in  the  process  and  cost  of  satellite 
manufacturing;  the  increased  reliability  (if 
not  decreasing  costs)  of  launches;  and  an  ex¬ 
panding  global  demand  for  satellite  services 
driven  by  the  information  revolution. 

Consequently,  a  remarkable  infusion  of 
pri  vatecapi  tal  i  nto  spaceand  space-  rel ated  i  n- 
dustry  has  occurred.  According  to  estimates 
by  SpacePub  I  i  cationsandthecon  suit  i  ngfi  rm 
A  T.  Kearney,  worldwide  revenues  from  space 
are  currently  $88  billion  annually,  projected 
to  grow  to  $117  billion  by  2001.7  Although 
this  growth  may  not  be  surprising,  the  fact 
that  the  government  i  s  not  the  en  gi  nemay  i  n- 
deed  be  surprising.  The  commercial  space 


market  is  the  driver— (ts  growth  is  20  percent 
an  n  u  al  I  y  co m  pared  to  about  2  per  cent  fo r  th  e 
government.  Incidentally,  in  1996  the  total 
revenues  of  the  commercial  sector  surpassed 
th e  go v  ern  ment'sfo r  th ef  i  rst  ti  me  (53  per  cent 
and  47  percent,  respectively).8  By  2001  com¬ 
mercial  revenues  may  account  for  70  percent 
of  space-industry  revenues. 

Furthermore,  if  one  examines  and  aggre¬ 
gates  all  the  various  satellite  ventures 
planned  over  the  next  10  years,  the  number 
of  satellites  projected  for  launch  into  orbit 
totals  over  seventeen  hundred.9  Although 
all  such  ventures  may  not  prove  successful, 
the  launch  of  more  than  one  thousand  satel¬ 
lites  would  probably  be  a  conservative  esti¬ 
mate.  This  demand  is  fueling  a 
commensurate  launch  requirement  that  as 
late  as  four  years  ago  was  considered  wildly 
speculative  and  highly  improbable.  I  can 
make  that  statement  with  somecertai  nty  be¬ 
cause  five  years  ago  I  was  deeply  engrossed 
in  chairing  a  national  space-launch  study. 
Wethought  we  were  pretty  bullish,  but  our 
predicted  launch  mani  festswerewell  off  the 
mark.  One  finds  a  certain  wisdom  in  Yogi 
Berra's  maxim  that  it  is  tough  to  make  pre¬ 
dictions,  particularly  about  the  future.  Al¬ 
though  several  entrepreneurs  had  plans  to 
launch  tens  of  small  communications  satel¬ 
lites  to  low  Earth  orbit  (LEO),  funding  was 
problematical,  and  no  one  at  that  time  an¬ 
ticipated  the  extent  of  this  market.  Today, 
th  ese  pro  I  i  f  er  ated  systems  h  ave  beco  mea  re¬ 
al  ity  and  are  now  being  launched.  These 
newmultisatellitecommunicationsconstel- 
lations  will  clearly  dominate  future  launch 
manifests. 


Communications 

Asit  wasi  n  thepast,  space-  based  com  mu  ni  - 
cationsisthegi  antinspacecommerce.Thegi- 
ant  cl  early  will  be  even  more  dominant  in  the 
fu  tu  re,  andtheinformation  revolution  will  be 
the  driver.  Globally,  governments,  business, 
and  individuals  want  to  receive  more  data 
faster,  which  will  drive  the  demand  for  band¬ 
width.  Satellites  offer  an  efficient  and  rel  a- 
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tively  inexpensive  means  to  move  large 
amounts  of  data  quickly. 

Quite  a  bit  of  excitement  and  attendant 
publicity  has  characterized  these  new 
satellite-communications  ventures.  Part  of 
the  excitement  derives  from  the  players  and 
substantial  investment  involved.  Business 
1/1/ ask  noted  that  "some of  the  most  dynamic 
entrepreneurs  of  recent  times  are  hooked  on 
the  great  space  race  and  orbiti  ng  egos  wi  1 1  en¬ 
hance  a  drama  already  fueled  by  mind  bog¬ 
gling  sums.  "10  The  names  of  the  pi  ayers  make 
anyone  sit  up  and  take  notice:  Bill  Gates,  Ru¬ 
pert  Murdock,  Craig  McCaw,  and  Bernard 
Schwartz.  The  projected  investment  in  a  host 
of  communi  cati  ons- satel  I  itepro  grams,  wh  i  ch 
accountforthebul  koftheone- thousand-  pi  us 
satellites  projected  for  launch,  totals  about 
$40  billion. 

Although  the  new  distributed  systems  de¬ 
signed  to  operate  at  LEO  and  medium  Earth 
orbit  (M  EO)  have  received  most  of  the  atten¬ 
tion,  traditional  geosynchronous  satellites 
will  continue  to  play  a  major  role  commerci¬ 
ally  and  in  support  of  national  security 
objectives.  The  Commercial  Space  Transpor¬ 
tation  Advisory  Committee  of  the  Depart¬ 
ment  of  T ransportati  on  predi  cts  an  average  of 
33  launches  annually  to  geosynchronous  or¬ 
bit  over  the  next  decade.11  Although  many 
people  in  the  space  community  are  convert- 
i  ng  to  the  "smal  ler  i  s  better”  mantra, sat  el  I  ites 
for  this  orbit  will  continue  to  become  heavier 
and  more  capable.  Factors  influencingthede- 
mand  for  heavier  satellites  include  the  avail¬ 
ability,  in  the  not  too  distant  future,  of  new 
heavy-lift  launch  vehicles,  the  in  creased  cost- 
effectiveness  of  larger  spacecraft  (on  a 
dollars-per-transponder  basis),  a  trend  to 
larger  antennae,  increasing  power  require¬ 
ments  to  accommodate  the  expanded  capa- 
bility,  and  orbital  congestion.  In  other 
wo  rds,  be  causeth  e  geo  sy  n  ch  ro  n  ous  bel  t  i  s  be- 
coming  crowded,  the  slots  are  becoming 
dearer;  consequently,  space  businessmen 
want  to  field  the  most  capable  satellite.  That 
means  heavier  satellites  with  as  many  trans¬ 
ponders  as  possi  ble.  The  desi  rabi  I  ity  of  maxi- 
mizing  transponders  per  satellite  is  an 


inexorabletrend.T  wen  ty  yearsago  t  h  e  av  er  age 
communications  satellite  had  10  transpond¬ 
ers;  today  the  figure  is  30.12 

Several  new  geosynchronousprograms un¬ 
der  development,  such  as  Cyberstar,  Space¬ 
way,  Astro  I  i  nk,  and  Euro  sky  Way,  aredesi  gned 
to  provide  global,  two-way,  broadband  capa¬ 
bility  to  meet  the  needs  for  voice,  data,  inter¬ 
active  multimedia,  and  video 
teleconferencing.  These  new  programs  will 
also  address  the  need  to  service  the  demands 
of  th  e  I  nter  n  et-a  mar  ket  th  at  may  wel  I  su  r  pass 
phoneservicesorbroadcasting.Thecomputer 
industry  must  find  faster  and  more  efficient 
waysof  mov i  ng  hugeamountsof  di  gi  tal  i  n  for- 
mation  and  video.  Incidentally,  our  national 
security  establishment  obviously  has  the 
same  requirement.  Fiber  will  be  important, 
but  I  believethatsatel  liteswill  servicethat de¬ 
mand  beforefi  berbecomesdomi  nant.  Geosyn¬ 
chronous  satellites  likely  will  always  have  a 
major  role,  given  their  unique  advantages  in  si¬ 
multaneous  access  to  large  regions  and  their 
tremendous  capacity. 

At  a  lower  al  ti  tuderegi  me(M  EO  and  LEO), 
a  number  of  exciting  and  technically  chal¬ 
lenging  programs  on  the  horizon  will  also 
service  the  worldwide,  two-way,  broadband 
multimedia  need.  These  programs  feature 
very  I  arge  constel  I ati ons  and  have  recentl y  re- 
ceived  a  great  deal  of  notoriety  due  to  the 
amount  of  investment  involved.  In  this  cate 
gory  themost  audaci  ousi  sproba  bl  yT  el  edesi  c, 
the  so-called  Internet  in  the  sky,  which  envi¬ 
sions  288  satel  I itesi n  or bitsfrom  lOOto  1,400 
km.ThiscategoryalsoincludestheWideband 
Euro  SatTelecom  (10satellites),Skybridge(64 
satellites),  and  Orblink  (seven  satellites). 

In  another  cl  ass  of  low-orbiting  communi- 
cati  ons  satel  I  ites,  the  new  product  i  s  i  nexpen- 
sive,  worldwide  personal-communications 
service.  The  competition  here  is  fierce,  and 
the  stakes  are  high.  One  may  group  these  pro¬ 
grams  by  th e  si  ze  of  th  e  co nstel  I  ati  on  ( Bi  g  an d 
Littl  e)  and  by  own  ershi  p  (US-only  and  pri  mar- 
ily  foreign).  US-owned  Big  LEOs  include  Irid¬ 
ium,  Globalstar,  Ecco,  and  El  I  ipso,  while 
mostly  foreign-owned  Big  LEOs  include  ICO 
Global  (a  79-nation  consortium),  Signal  (a 
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Russian  firm),  Euro-African  Sat  Telecom 
(Matra-Marconi),  and  Eco  8  (Telebras-Brazil). 
US-owned  Little  LEOs,  which  provide  global, 
handheld,  one-way-store  and  forward- 
communi  cati  onssystems,  i  n  cl  udeOrbcomm, 
Gemnet,  FaiSat,  and  Starsys.  Foreign-owned 
Little  LEO  programs  include  Elekon  (Rus¬ 
sia/Germany),  Gonets-D  (Russia),  Iris  (Bel¬ 
gium),  and  Leo  One  (Mexico).13 

These  systems,  of  course,  wi  1 1  havetre  men- 
dous  business  advantages  by  linking  interna¬ 
tional  corporate  offices.  In  the  long  run, 
how  ever,  th  e  bi  g  gest  benef  i  ci  ar  i  esare  I  i  kel  y  to 
bethetwo  billion  or  so  peoplewho  livein  ar¬ 
eas  not  serviced  by  phone  lines.  The  risks  in 
this  busi  ness  are  very  hi  gh.  M  any  of  the  tech¬ 
nologies  needed  for  global  telephone  services 
areun  proven,  and  over  com  i  ngtheregu  I  atory 
obstacles  to  gain  access  to  foreign  markets  is 
by  no  means  certain.  Although  Iridium  has 
successfully  deployed  a  full  constellation  of 
spacecraft,  other  systems  have  encountered 
problems.  In  September  1998, forexam pie,  12 
Globalstar  satellites  were  lost  when  their 
U  krai  n  i  an  Zen  it  boosterfai  I  ed  to  reach  or  bi  t. 

What  are  the  implications  of  this  bur¬ 
geoning  commercial  communications- 
satel  I  ite  i  ndustry  for  the  other  space  sectors? 
Operationally,  military  satellite  communica¬ 
tions  will  benefit  in  terms  of  access  to  addi¬ 
tional  capacity  (tremendous  increases  in 
available  bandwidth  and  flexibility,  as  well  as 
multiplicity  of  alternative  communication 
paths).  Today  in  Bosniathemilitaryisleasing 
a  commercial  high-bandwidth,  direct- 
broadcast  system  to  service  the  needs  of  US 
ground  forces  i n  Bosn i  a  and  thei  r  supporti ng 
infrastructure  in  Europe  and  back  in  the 
United  States.  Currently  this  system  provides 
reconnaissance  data,  weather,  intelligence  on 
demand,  and  even  Cable  News  Network  to 
about  30  different  locations  at  24  megabits  a 
second.  In  addition  to  the  increases  in  capac¬ 
ity,  commercial  communications  satel¬ 
lites— because  of  their  relatively 
short-acquisition  time  lines— can  serve  as 
"gap  fillers"  to  provide  continuity  of  high- 
bandwi  dth  serv  i  cei  n  theevent  of  thedeg  rada- 
tion  or  loss  of  government  capability. 


These  new  commercial  systems  also  offer 
effi  cien  ciesthat  potential  lyhavemoresignifi- 
cance  than  the  operational  advantages.  The 
short  cycle-times  of  commercial  satellites  are 
remarkable  compared  to  the  government- 
acq  u  i  si  t  i  o  n  cy  c  I  es.  Fo  r  ex  am  p  I  e,  n  ew  co  m  mer- 
ci al  geosynch ronous  satel  I  i tes  are  avai  I abl e  ]8 
months  after  order— soon  to  be  down  to  12 
months.  Forthesmal  I  LEO  systems,  ti  mefrom 
order  to  delivery  is  about  three  years-proba- 
bly  less  as  these  systems  mature.  In  contrast, 
the  acquisition  of  national  security  systems 
runs  10  to  15  years  To  understand  the  pro¬ 
found  contrast  i  n  ti  me  I  i  nes,  one  shoul  d  con- 
sider  that  the  same  plant  will  build  three 
hundred  Tel  edesic  satellites  in  three  years  and 
15  Global  Positioning  System  (GPS)  satellites 
in  seven  years. 

Because  time  is  money,  satellites  will  be 
considerably  cheaper.  Moreover,  these  short 
time  lines  afford  the  opportunity  to  take  ad¬ 
vantage  of  new  technologies  because  the 
launch  rate  is  so  much  faster.  How  about  satel¬ 
lite  design?  I  anticipate  a  greater  use  of  com¬ 
mercial  commonbuseswithtai  I ored national 
security  pay  loads.  Thisapproach  would  bene¬ 
fit  not  only  from  shorter  acquisition  cycles 
but  also  from  economies  of  scale  since  the 
commercial  vendor  produces  satellites  in 
numbers  far  exceeding  national  security  re¬ 
quirements.  Fi  nal  ly,  taki  ng  advantage  of  com- 
mercial  production  can  mean  a  stable  and 
flexi  blesourceofcapi  tal. Today,  Wall  Streetis 
waiting  to  see  how  its  investments  in  Iridium, 
Globalstar,  and  Orbcomm  will  pan  out.  If 
these  ventures  meet  investors'  expectations, 
this  promises  to  be  a  capital-rich  business 
with  a  constancy  and  continuity  of  purpose 
based  upon  con  ti  nu  i  ngdemand.  I  am  notsure 
that  we  can  anticipate  the  same  stability  in 
government  fundi  ng. 

Launch 

The  space-launch  business  is  changing  as 
dramatically  as  space  communications.  From 
1975  to  1995,  the  national  launch  rate  was 
about  23  launches  a  year,  with  government 
sectors  con  sti  tut  i  ng  about  75  to  80  per  cent  of 
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all  launches.  Over  the  next  10  years,  the 
number  of  launches  will  increase  to  45-52  a 
year,  and  commercial  launches  will  exceed 
both  civil  (NASA)  and  those  categorized  as  na¬ 
tional  security  (military  and  intelligence).14 

Space  launch  is  also  undergoing  major 
modernization.  The  government's  current 
space-launch  systems  derive  from  early  inter¬ 
continental  ballistic  missiles  (I CBM).  Deltas, 
At  I  ases,  an  d Ti  tans wereef  fee  ti  ve  I  au  nch  ve  h  i  - 
cl  es  i  n  thefi  rst  15  years  of  thespace  age,  but  as 
the  launch  rate  declined,  the  cost  of  access  to 
space  grew  considerably.  This  was  especially 
true  of  the  heavy-lift  capability— the  Titan's 
cost  had  grown  to  $250-300  million  per 
launch  by  the  early  1990s.  Many  people  were 
al  so  co  n  cern  ed  th  at  th  e  ti  me  to  I  au  nch  was  ex¬ 
cessive,  especial  lyfortheTi  tan^fromeithera 
military-operational  or  commercial¬ 
competitiveness  standpoint.  By  the  early 
1990s,  due  i  n  I  arge  part  to  these  hi  gh  costs  and 
scheduling  difficulties,  the  French  Ariane  ve¬ 
hicles  had  captured  60  percent  of  the  com¬ 
mercial  market. 

Consequently,  the  1980s  saw  a  number  of 
programs  proposed  to  make  the  fleet  of  ex¬ 
pend  abl  el  aunch  vehi  cl  es(  ELV)  moreeff  i  ci  ent 
and  effective.  Unfortunately,  the  military,  in¬ 
telligence,  and  civil  space  sectors  couldn't 
agree  on  a  single  national  program.  After 
about  10  years  of  debate,  an  agreement  codi¬ 
fied  as  the  National  Space  Transportation  Pol¬ 
icy  emerged  in  August  of  1994.  This  policy 
assigned  DOD  the  responsibility  for  funding 
and  operating  the  USfleet  of  ELVs,  and  NASA 
becametheleadagencyforthetechnol  ogy  de¬ 
velopment  and  demonstration  of  the  next 
generation  of  reusable  launch  vehicles 
(RLV).15 

Today,  the  Air  Force  has  the  evolved  ex¬ 
pendable  launch  vehicle  (EELV),  a  $2  billion 
program  that  recently  entered  the  engineer¬ 
ing  and  manufacturing  development  phase. 
This  program  seeks  to  leverage  private  invest¬ 
ment  to  increase  the  capability  of  two  indus¬ 
try  teams  o  ver  th  e  n  ext  two  dec  ad  es.  The  goal  s 
are  to  increase  operational  responsiveness 
and  to  reduce  the  launch  life-cycle  cost  by  25 
percent.  I  havenodoubtthatthepro  gram  will 


A  Delta  II  model  7925  launches  NAVSTAR  11-10  on  26 
November  1990.  The  expanding  GPS  constellation 
provided  critical  support  during  Operation  Desert  Storm. 


meet  these  goals  and  probably  surpass  them. 
Obviously,  this  lower  cost  would  give  the 
United  States  a  cost  advantage  and  a  likely  in¬ 
crease  in  international  market  share.  The  first 
flight  for  the  medium  commercial  EELV  is 

2001,  and  the  first  government  operational 
payloads  are  slated  for  launch  in  fiscal  year 

2002.  The  Air  Force  has  acquired  commercial 
launch  ser-vicesfor  a  total  of  28  government 
payloads  scheduled  through  2006.16 

As  for  NASA,  it  is  sponsoring  RLV  tech¬ 
nologies  such  as  the  X-33  (a  one-half-scale 
single-stage-to-orbittechnologydemonstra- 
tor)  and  the  X-34  small-booster  technology 
demonstrator.  Clearly,  the  military  believes 
that,  ultimately,  the  most  effective  and  effi¬ 
cient  way  of  achieving  low-cost,  highly  op¬ 
erational  access  to  space  lies  in  the  RLV  ora 
space  plane.  Because  of  profound  technical 
challenges  in  propulsion,  materials,  and 
structures,  the  military  is  an  active  parti  ci- 
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pant  in  NASA’s  RLV  technology  work.  If  the 
RLV  demonstrations  prove  successful,  the  fin¬ 
ished  model  might  be  designed  to  replace  the 
shuttle.  Some  people  believe  that  financing 
and  operating  the  new  RLV  would  be  a  com¬ 
mercial  venture. 

But  the  government's  launch- 
modernization  efforts  tell  only  part  of  the 
story.  Although  the  government  used  to  have 
avirtual  monopolyonthesystemsandsitesto 
access  space,  that  picture  has  fundamentally 
changed.  Ariane  arose  as  a  competitor  in  the 
last  decade,  and  now  we  have  the  Pegasus 
aircraft-launched  system,  several  new  com¬ 
mercial  ELVs,  and  a  sea-launch  option  from 
an  oil -rig  type  of  platform  south  of  Hawaii, 
projected  for  operation  in  1999.  Additionally, 
US  firms  have  entered  into  agreements  with 
international  partners.  Russian  vehicles  such 
as  the  Proton,  Zenit,  Tsyklon,  and  Kosmosare 
nowavail  able,  andtheChi  nese  Long  March  is 
alsoaninexpensive,al  beitri  sky,  option.  Addi- 
ti  on  al  ly,  weareseei  ngtheemergenceof  fed  er- 
ally  endorsed,  state-sponsored  spaceports. 
Currently,  Florida,  California,  and  Virginia 
have  established  programs  offering  launch 
serv  icesfromexistingpadsatCapeCanaveral 
Air  Force  Station,  Vandenberg  Air  Force  Base, 
and  Wallops  Island,  respectively.  Other  states 
such  as  Hawaii  and  Alaska  have  strong  sup¬ 
port  for  indigenous  launch  capabilities. 

Another  very  interesting  development  is 
the  contracting  out  of  launch  services.  NASA, 
which  has  led  the  way  in  this  area,  hired  the 
United  SpaceAl  li  ance,apri  vatejoint  venture, 
in  1996  to  take  over  shuttle  operations  at  the 
Kennedy  Space  Center.  Thistransition  to  pri¬ 
vate  management,  to  be  complete  in  2002,  is 
designed  to  get  NASA  out  of  the  business  of 
running  the  expensive  and  manpower¬ 
intensive  sh  ut tl  e  o p  era ti  o n  so  th  at  i t  can  pi  ow 
back  the  savings  into  its  coremission  of  space 
sciences  and  technology.17 

In  sum,  space  launch  is  undergoing  dra¬ 
matic  change.  Highly  competitive  today,  the 
business  will  become  even  more  so  in  the  fu¬ 
ture.  Commercial  satellite  builders-under- 
standably  concerned  with  cost  and 


responsi  veness/ti  mel  i  ness— now  have  a  range 
of  options,  including  the  use  of  multiple 
launch  sites  and  multi  pie  vehicles  for  a  single 
satellite  constellation.  For  example,  Iridium  is 
being  deployed  by  at  least  three  different 
launch  vehicles  (Delta,  Proton,  and  Long 
March)  from  three  different  locations  (Van¬ 
denberg,  Baikonur  [Russia],  and  Taiyuan 
Space  Launch  Center  [China]). 

Given  these  basic  changes,  whataretheim- 
pli  cationsfortheAirForceandthenational  se¬ 
curity  community?  First,  I  think  the 
competition  is  such  that  launch  costs  for  the 
government  will  drop  significantly.  I  also  be- 
I  i  eve  that  the  conti  n  ued  commerci  al  i  zati  on  of 
launch  is  inexorable.  Consequently,  I  think 
that  the  Air  Force  will  follow  NASA'slead  and 
ultimately  purchase  launch  as  a  commodity. 
In  the not-too-distant  future,  I  envision  com¬ 
mercial  firms  operating  the  launch  sites  at 
Vandenberg  and  Cape  Canaveral.  The  Air 
Force  and  other  satellite  builders  would  con¬ 
tract  for  a  satellite  capability  on  orbit.  (The 
Navy  has  used  this  effectively  with  the 
ultrahigh-frequency  follow-on  program.) 
This  outsourcing  would  prove  more  cost- 
effeetivesinceitwouldal  low  either  reduction 
or  transfer  of  expensive  Air  Force  people  to 
other  endeavors. 

Remote  Sensing 

Commercial  remote  sensing  from  space  is 
an  other  i  n  dustry  poi  sed  to  takeoff  dur  i  ngthe 
next  decade.  Like  space  launch,  this  area  re 
mai  ned  thesol  edo  mai  n  of  thegovern  mentfor 
many  years.  Space  reconnaissance  systems 
built  and  operated  by  the  NRO  have  provided 
intelligence  on  potential  adversaries  that  has 
proven  essential  to  our  military  and  vital  to 
successful  arms  control  agreements.  On  the 
civil  side,  since  1972  this  country  has  flown 
Landsat,  a  civil  remote-sensing  satellite  ini¬ 
tially  built  and  operated  by  NASA  and  then 
transferred  to  the  National  Oceanographic 
and  Atmospheric  Administration.  In  1985  the 
government  privatized  the  program  and 
placed  responsibility  for  it  in  the  hands  of  the 
Earth  O  bservati  on  Sat  el  I  i  te(  EO  SAT)  Com  pany 
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under  the  premise  that  within  a  reasonable 
amount  of  time,  revenues  from  product  sales 
and  ground-station  fees  would  exceed  costs. 
For  a  variety  of  reasons-government  restric¬ 
tions  on  the  quality  of  data,  distribution 
prob  lems,  and  lack  of  fund  i  ngassurance-this 
commercialization  experience  failed. 

Theissueof  govern  mentpol  icyconcerning 
remotesensingwasoneofthehottestspaceis- 
suesof  th e earl  y  1990s.  H  av  i  n  g  par ti  ci  pated  i  n 
the  debates,  I  believe  that  several  reasons  ex¬ 
isted  for  redressing  remote-sensing  policy  at 
that  time.  Thefirst  involved  agrowing  accep¬ 
tance  of  the  val  ue  of  Landsat  and  the  French 
SPOT  system  for  military  applications,  both 
of  which  had  proved  their  worth  in  Desert 
Storm.  Thesecond  en  tai  I  ed  astrong  bel  i  ef  that 
theUnitedStatesneeded  govern  mentsupport 
for  continued  investment  in  remote  sensing 
to  monitor  environmental  change.  Last,  and 
most  important,  SPOT  provided  considerably 
better  resolution  than  Landsat.  For  that  rea¬ 
son  there  existed  legitimate  concerns  that, 
withoutapol  icychangewhich  removed  reso¬ 
lution  restrictions,  the  United  States  would 
lose  out  in  the  marketplace  for  multispectral 
satellite  imagery,  especially  si  nee  the  French 
continued  to  invest  in  a  higher-resolution 
SPOT  system  as  well  as  the  Helios  military  re¬ 
connaissance  system.  Other  countries  staked 
clai  ms  to  the  mar  ketaswell,  including  India, 
Japan,  and  the  European  Union  consortium. 
Two  campsemerged,  onecon  si  st  i  ng  of  i  n  dus- 
try,  environmentalists,  and  elements  of  the 
scientific  community  who  believed  that  our 
restrictive  policies  were  unrealistic  and 
wanted  a  policy  to  stimulate  the  remote¬ 
sensing  business.  The  other  included  ele¬ 
ments  of  the  military  and  intelligence  com¬ 
munities  concerned  about  unrestricted  trade 
in  remote  sensing.  Thisgroup  advocated  con¬ 
trols  over  distri  bution. 

The  debate  resulted  in  a  reasonable  com- 
promise-the  Land  Remote  Sensing  Act  of 
1992,  which  formed  thefoun  dationforcom- 
mercial  operation  of  remote-sensing  sys¬ 
tems.  The  act  per  m  i  tsco  m  pa  n  i  esto  ap  pi  y  to 
t h  e  D e  part  men t  of  C o  m  mercefo  r  I  i  cen sesto 
build  and  operate  these  systems.  Recogniz¬ 


ing  thesecuritycon  cern  sof  to  tal  I  y  u  n  fettered 
operation  and  distri  butionofdata,theactand 
subsequent  policy  directives  require  compa¬ 
nies  to  maintain  tasking  records  so  that  the 
government  can  determine  who  is  asking  for 
what  data  when.  Companies  must  also  main¬ 
tain  control  of  the  spacecraft  at  all  times  and 
be  able  to  limit  collection  or  distribution 
upondi  rectionoftheUSgovern  ment.Theact 
also  authorizes  the  government  to  cut  off  or 
restrict  data  during  times  of  crisis  or  con¬ 
flict.18 

Th  i  s  act  al  so  spo  ke  to  th  e  sal  e  of  re  motesat- 
ellite  systems;  specifically,  the  Clinton  ad¬ 
ministration  noted  that  "such  sensitive 
technol  ogy shall  bemadeavail  able. .  .only on 
the  basis  of  a  government  to  government 
agreement.”  Further,theactcodi  fiedtheman- 
agement  agreement  whereby  DOD  would 
bu  i  I  d  th  e  f  o  1 1  o  w-o  n  Lan  dsat  space  craft  an  d  i  n- 
struments,  while  NASA  would  fund  and  oper¬ 
ate  the  ground  station,  processing,  and 
distribution  systems.19 

With  the  proper  policy  foundation  estab¬ 
lished,  the  government  has  granted  a  total  of 
12  licenses  to  date,  including  five  high- 
resolution  electro-optical  systems  and  one 
high-resolution  radar  system.  Three  US  ven¬ 
tures  appear  at  this  time  to  be  serious  com¬ 
petitors  in  the  remote-sensing  business.  One 
should  note  that  the  volatile,  competitive  na¬ 
ture  of  this  business  will  probably  produce  a 
shakeout  over  the  next  few  years. 

If  first-to-orbit  is  the  measure,  then  the 
leader  is  EarthWatch,  Inc.  On  24  December 
1997,  itorbited  EarlyBirdl, asatel  litedesigned 
to  pro  vi  deth  ree-  meter  reso  I  u  ti  o  n  two  to  th  ree 
days  from  the  time  of  request.  As  further  evi¬ 
dence  of  the  internationalization  of  space 
commerce,  EarlyBirdl  waslaunched  on  aeon  - 
verted  Russian  I  CBM  from  the  Svo  bodny  Cos¬ 
modrome,  Russia's  newest  commercial 
launch  site.  Unfortunately,  the  satellite  failed 
soon  after  launch.  EarthWatch  is  now  focus¬ 
ing  on  Quickbird,  a  one-meter  resolution  sys¬ 
tem  to  be  launched  from  Russia  on  a  Kosmos 
booster. 

Another  competitor  in  the  game,  Space  Im¬ 
aging  EOSAT,  will  initially  offer  a  one-meter 
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product— the  highest  resolution  of  any  com- 
merci al I y  avai labl e  system— that  will  have  i im¬ 
agery  available  within  one  day  of  order.  The 


Worldwide  commerce  in 
high-resolution  imagery  has 
significant  positive  and  some 
negative  implications. 


fi  rst  Space  I  magi  ng  satel  I  ite  was  schedul  ed  to 
launch  in  late  1998from  Van  den  berg  Air  Force 
Base  atop  an  Athena-2  booster  but  has  been 
postponed  until  the  Spring  of  1999. 

Orbiting  Image  (ORBIMAGE),  the  third 
major  player,  offers  the  OrbView  series  of  sat¬ 
ellites:  OrbView  1,  a  small  lightning-and- 
atmospheric  mapper  launched  in  1995;  Orb¬ 
View  2,  an  ocean-col or-and-vegetati  on  map¬ 
ping  satel  I  ite  I  aunched  successful  I y  i  n  August 
1997  after  a  four-year  delay;  and  OrbView  3, 
the  company's  first  venture  into  the  realm  of 
higher  resolution,  which,  after  launch  in 
1999,  will  provide  one-meter  resolution 
(black  and  white)  and  multispectral  (color) 
pictures  at  four  meters.  A  follow-on  satellite, 
OrbView  4,  will  also  include  an  Air 
Force-spon  sored  hyper  spectral  i  magi  ngcapa- 
bility  (Warfighter  1),  advertised  as  able  to  de¬ 
tect  objects  through  camouflage  and  tree 
canopies.lnterestinglyenough,ORBIMAGEis 
the  first  commercial  venture  to  secure  a  pre¬ 
launch  contract  with  the  US  government. 
Planned  for  launch  aboard  a  Pegasus  rocket, 
OrbView  4's  promised  features  may  exceed 
Pega  sus’sca  pa  bi  I  i  ty  an  d  th  us  req  u  i  re  aTau  rus 
rocket.20 

Other  remote-sensing  systems  planned  for 
launch  in  the  next  few  years  deservementi  on. 
These  include  AVSAT,  which  will  provide  a 
more  macro  view  at  one-kilometer  resolution 
for  geophysical  exploitation;  Boeing's  Re¬ 
source  21,  aimed  at  the  agricultural  market; 
and  RDL's  Radar  1,  which  will  provide  all- 
weather,  medium-resolution  radar  imagery  to 


commercial  buyers.  International  systems, 
somef  I  y  i  ngto  day  and  oth  erssched  ul  ed  foror- 
bit  in  two  to  three  years,  include  SPOT 
(France),  RADAFtSAT  (Canada),  IRS  (India), 
ALOS  (Japan),  CBERS  (China/Brazil),  and 
EROS  (Israel).  I  believe  that  these  programs 
will  remain  viable,  primarily  because  of  the 
market  but  also  because  they  represent  a  na¬ 
tional  resource  for  their  countries. 

Clearly,  great  optimism  exists  for  this  par¬ 
ticular  niche  of  the  commercial  space  busi¬ 
ness.  Is  it  justified?  Market  Plan  Graphics,  a 
market-  research  fi  rm  hi  red  by  the  Depart  ment 
of  Commerce,  estimates  that  this  will  be  a 
$2.65-billion-a-year  business  by  the  turn  of 
the  century.21  Others  say  that  this  figure  is 
conservative  and  that  anticipated  revenue  by 
2000  iscloserto  $5  billion.  I  don't  know  what 
is  right,  but  I  do  know  that  the  Landsat  exam¬ 
ple-involving  the  govern  ment  as  the  primary 
customerfor  a  rel  ati  vely  I  ow-  resol  uti  on  prod- 
uct-4s  not  the  model.  Today,  all  firms  offer 
high  resolution,  and  the  number  of  systems 
projected  for  orbit  will  ensure  that  the  prod¬ 
uct  remains  timely.  In  terms  of  demand,  the 
uses  for  remote-sensing  data  abound-envi- 
ronmental  monitoring,  energy  (oil  and  gas) 
exploration,  resource  management  (agricul¬ 
tural  and  mineral),  mapmaking,  and  commu¬ 
nity  and  urban  planning,  to  name  just  a  few. 
Today,  aircraft  systems  provide  synoptic  im¬ 
agery  for  these  and  other  applications,  but 
high-resolution  satellites  are  far  more  effi¬ 
cient. 

The  market  is  in  its  infancy  but  has  huge 
potential.  Remote  sensing  will  become  an 
essential  part  of  theinformati  on  revolution. 
Images  on  demand,  including  three- 
dimensional  products  linked  to  the  data¬ 
bases  of  other  geographic  information  sys¬ 
tems  and  mensurated  and  indexed  through 
GPS,  will  become  the  order  of  the  day.  The 
only  question  is  not  whether  this  will  hap¬ 
pen  but  when.  I  am  inclined  to  believe  that 
the  pacing  factor  will  be  distribution  sys¬ 
tems,  with  their  efficiency  driven  by  com¬ 
munications  bandwidth  and  computing 
power.  Al  though  I  certainlycan'tpredictthe 
rate  of  growth,  I  am  inclined  to  seethe  util- 
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ity  of  remote  sensing  in  the  context  of  the 
movie  Field  of  Dreams-build  the  systems, 
and  they  will  come.  How  ever,  so  mequesti  on 
may  remain  as  to  when  the  remote-sensing 
industry  will  become  profitable. 

Worldwide  commerce  in  high-resolution 
imagery  has  significant  positive  and  some 
negative  implications.  On  the  negative  side, 
how  does  the  military  deal  with  adversaries 
who  can  access  up-to-date  imagery  bench- 
marked  against  GPS  on  their  personal  com¬ 
puters  through  the  Internet?  Not  only  will 
ensuring  the  element  of  surprise  in  military 
operations  be  infinitely  more  difficult,  the 
imagery  becomes  the  targeting  database  for 
the  rogue  nation  or  terrorist.  This  is  why  the 
Clinton  administration  has  insisted  on  "shut¬ 
ter  control."  I  don't  have  a  good  answer  for 
thisdi  lemma,  butthemili  tary of thenext cen¬ 
tury  must  plan  itsoperationswiththispoten- 
tial  transparency  in  mind,  and  it  must 
develop  sophisticated  countermeasures.  On 
the  positive  side,  this  readily  available  im¬ 
agery  has  immense  benefits  to  our  military. 
One  of  the  intelligence  shortcomings  of  De¬ 
sert  Storm  wasthat  thetask  i  ng  cy  cl  e-theti  me 
from  making  the  initial  request  to  receiving 
the  imagery  product— was  too  lengthy.  Com¬ 
mercial  remote-sensing  data  i ntegrated  into  a 
responsive  distribution  system  will  meet 
many  needs  of  the  war  f i  ghter. 

Even  to  day,  weseea  mi  cro  cosm  of  how  thi  s 
might  evolve.  In  a  growing  number  of  loca¬ 
tions,  th  e  Ai  r  Fo  rce  h  as  de  pi  oyed  smal  I ,  po  rta- 
blegroundstationsto  recei  veSPOTi  mageryat 
tactical  field  units.  That  is  an  Air  Force  exam- 
ple.  A  number  of  other  serviceexamplesexist, 
such  as  trafficabi  I  ity  analysis  for  ground 
f o  rces  an  d  o  cean  o  grap  h  i  c  an  d  co  astal  an  al  y  si  s 
for  naval  forces.  Another  very  important  de¬ 
fen  se  application  in  volvesprovidingthebasic 
source  for  mapmaking.  Generally,  we  have 
up-to-date  maps  of  the  major  countries  of 
Europe  and  Asia.  However,  our  forces  are  in- 
creasi  ngly  bei  ngdepl  oyedto  un  derdevel  oped 
areas,  such  as  the  African  states,  without  cur¬ 
rent  charts. 


A  most  si  g  n  i  f  i  cant  area  i  n  vo  I  vesth  eef  f  ect 
of  this  industry  on  the  amount  of  money 
that  the  mi  I  itary  and  i  ntel  I  i  gencecommu  ni- 
ties  will  need  for  manned  and  unmanned 
airborne-reconnaissance  systems  and 
satellite-reconnaissance  programs.  Cur¬ 
rently,  we  don’t  have  the  modeling  systems 
to  accurately  predict  the  extent  to  which 
co  m  mer  ci  al  i  m  agery  canoffsetorcontribute 
to  the  satisfaction  of  government  require¬ 
ments,  but  those  analytical  tools  are  in  the 
works.  My  sense  is  that  these  new  commer¬ 
cial  capabilities  will  both  complement  and 
reduce  the  numbers  of  military  and  intelli¬ 
gence  systems  required.  The  resulting  sav¬ 
ings  could  be  substantial. 

Navigation 

The  evolution  of  the  commercial  aspects 
of  space  navigation  is  not  as  clear  as  the  ar¬ 
eas  previously  discussed.  Although  this  sys¬ 
tem  was  developed  for  military  use  and 
initial  commercial  sales  were  to  small  air¬ 
craft,  pi  eas  u  re  boats,  an  d  I  arge  ai  r  craft  (af  ter 
Federal  Aviation  Administration  approval), 
the  market  today  and  in  the  future  will  lie 
overwhelmingly  in  the  consumer  sector.  To 
be  sure,  this  is  a  growing  area  for  com¬ 
merce— GPS  worldwide  sales  have  grown 
from  about  $500  million  in  1993  to  $4  bil¬ 
lion  in  1998  and  are  projected  to  increase  to 
$16  billion  by  20  03. 22  Navigation  systems 
for  cars  are  the  highest  growth  area,  fol¬ 
lowed  closely  by  handheld  systems  now 
available  for  under  $100.  The  military,  of 
course,  has  reaped  the  advantage  of  the  dra- 
maticdrop  in  receiver  costs  dueto  commer¬ 
cial  volume— aircraft  receiver  costs  have 
been  reduced  an  order  of  magnitude.  Moreo¬ 
ver,  G  PS  re  cei  v  ers  h  ave  beco  meco  n  si  d  era  bl  y 
smaller  in  weight  and  volume  as  well  as 
more  reliable.23  Reduction  in  cost  and  size 
wi  1 1  certai  nly i  n creasemi  I  i  taryap pi  i  cati ons. 

Whereas  commercial  firms  will  develop 
and  operate  either  the  spaceborne  portion  of 
com  mu  ni  cati  ons,  I  aunch,  and  remotesensi  ng 
or  the  associated  ground  infrastructure,  it  is 
unlikely  that  GPS,  the  US  space-navigation 
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system,  will  evolve  similarly— at  least  in  the 
nearfu  ture.  The  reason,  of  course,  isthepresi- 
dential  GPS  policy  of  March  1996,  which 
clearly  enunciated  that  "GPS  has  been  de- 


TheAir  Force  has  an  effort  to 
deal  with  these  three  interrelated 
problems  of  denying  enemy 
exploitation,  maintaining  the 
capability  for  US  military  and  allied 
usq  and  assuring 
continued  civil  use. 


signed  as  a  dual  use  system  with  the  primary 
purpose  of  enhancing  the  effectiveness  of  US 
and  al  I  i  ed  mi  I  itary  forces." 24  As  such,  the  pol¬ 
icy  reaffirmed  DOD's  responsibility  to  ac¬ 
quire,  o  p  er  ate,  an  d  mai  n  tai  n  G  PS.  At  the  same 
time,  the  US  government  is  committed  to  the 
nonmilitary  use  of  GPS  on  a  continuous, 
worldwide  basis,  free  of  direct-user  fees.  Al¬ 
though  the  United  States  wants  to  prevent  en¬ 
emy  use  of  GPS  during  wartime,  policy 
d  i  c  tatesth  at  th  e  Ai  r  Force  must  o  p  er  ate  G  PS  as 
a"globalinformationutility"withoutunduly 
disrupting  or  degrading  civilian  uses  of  the 
system.  A  recent  bilateral  cooperation  agree¬ 
ment  with  Japan,  the  world’s  other  leading 
producer  of  commercial  GPS  equipment,  re¬ 
inforced  this  commitment.25 

Although  one  could  envision  a  GPS  an¬ 
tenna  as  a  payload  on  a  commercially  pro¬ 
vided  common  bus,  the  fact  that  basic  GPS 
will  continue  to  be  a  government-provided 
free  good  for  the  next  several  years  makes  it 
difficult  to  envision  how  a  commercial  firm 
would  have  any  incentive  to  compete.  I  un¬ 
derstand,  however,  that  a  few  entrepreneurs 
arelookingatprovidingdifferential  GPSserv- 
ices  from  space-but  the  market  is  not  devel¬ 
oped.  Clearly,  precise  spatial  reference  is 
essential  for  all  forms  of  robotics,  from  play¬ 
ing  fields  to  laying  pipes.  Internationally,  I 
understand  thattheGermansatonetimewere 


thinking  about  acquiring  the  Russian 
GLONASS  for  a  regional  augmentation  sys¬ 
tem. 

Despitethefactthat  GPS  may  notfittheother 
models,  it  has  obviously  become  absolutely 
critical  to  our  armed  forces.  Virtually  all  plat¬ 
forms  (terrestrial,  air,  and  seaborne),  individual 
ground  units,  and  a  host  of  muni  tions( missiles 
and  bombs)  ei  ther  nowor  i  n  thenearfu  turewi  1 1 
employ  GPS  for  timely  and  precise  navigation. 
With  this  dependency  has  come  a  real  concern 
about  the  vulnerability  of  GPS.  President  Clin¬ 
ton's  policy  recognized  this  vexing  problem 
and  directed  DOD  to  pra/ent  the  hostile  use  of 
GPSto  en  surethattheUnited  States  mai  n  tai  nsa 
mi  I  itary  ad  van  tage.  Thus,  GPShaswithi  n  itsde- 
sign  a  capability  to  degrade  the  accuracy  of  the 
signal  to  one  hundred  meters-known  as  se¬ 
lected  availability. 

As  the  commercial  use  of  the  GPS  signal 
even  todaydwarfsthemili  tary's,  with  thegap 
ever  widening,  the  selected-availability  fea¬ 
ture-controlled  by  the  military— has  become 
a  paramount  issue  over  the  past  few  years. 
Consequently,  thepol  icyincludesaprovision 
that,  beginning  in  2000,  the  president  will 
make  an  annual  determination  on  the  contin¬ 
ued  use  of  thisfeature.26The  policy  provides 
for  discontinuing  selected  availability  within 
a  dec  ade  ( by  2006) ,  but  many  peo  pi  e  i  n  the  na 
tional  security  community  believe  that  it  will 
be  discontinued  earlier.  The  Air  Force  has  an 
effort  to  deal  with  these  three  interrelated 
problems  of  denying  enemy  exploitation, 
mai  n  tai  n  i  ngthecapabi  I  ityforUSmi  I  i  taryand 
allied  use,  and  assuring  continued  civil  use. 
The  Air  Force  and  the  Defense  Advanced  Re¬ 
search  Projects  Agency  (DARPA)  are  exploring 
many  different  technical  approaches,  includ¬ 
ing  a  higher-power  signal  on  the  follow-on 
GPS  Block  I  IF  buy;  embedding  an  atomic 
clock  in  the  receivers;  installing  adaptive  nul¬ 
ling  antennae  in  the  skin  of  the  platform  or 
weapon;  or  reusi  ngtheGPSspectrum  to  pro¬ 
vide  more  capable,  jam-resistant  signal  struc- 
ture  for  operations  in  high-threat 
environments. 
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New  Military  Space  Needs 

At  the  outset  of  this  article,  I  posed  the  di¬ 
lemma  that  the  Air  Force,  DOD's  space  ser¬ 
vice,  would  have  great  difficulty  funding  the 
new  space  requi  rements  i  nherent  i  n  real  izi  ng 
itsstrategicvi  si  on. Theproblem  I  iesin  afford¬ 
ing  new  initiatives  while  maintaining  basic 
space  servi  cesinthefaceofaflatordeclining 
DOD  budget.  These  reductions  could  be  due 
to  higher-th  an -anticipated  inflation  or,  in  the 
absenceofapressingthreat,  theneedforDOD 
to  co  n  tri  b  ute  more  h  eav  i  I  y  to  th  e  move  to  bal- 
ancethe  budget. 

Clearly,  weshould  pur  sue  a  number  of  new 
military  space  in itiatives  over  the  next  10-20 
years.  For  example,  as  more  commerce  is 
placed  in  orbit  and  as  we  depend  more  on 
space,  DOD  will  need  a  more  comprehensive 
program  to  protect  our  assets.  The  previously 
mentioned  report  by  the  National  Defense 
Panel ,  T  ransformingD  efense:National  Secu  ri  ty 
in  the  21st  Century,  recommended  increased 
attention  to  this  area.  A  comprehensive  pro¬ 
tection  program  would  include  improving 
our  ability  to  detect  and  assess  threats  (sur¬ 
veillance),  enhancing  the  survivability  of 
ground  stations  and  platforms,  and  using 
commercial  assets  to  augment  national  secu¬ 
rity  capabilities,  to  nameafew.27 

Many  people  in  the  Air  Force  believe  that 
certain  surveillance  functions  now  done  by 
aircraft  systems  such  as  the  E-3  Sentry  air¬ 
borne  warning  and  control  system  and  E-8C 
joint  surveillance,  target  attack  radar  system 
should  more  appropriately  be  done  from 
space.  Both  of  these  systems  use  very  old  air- 
framesand  arequiteex  pen  si  veto  operate.  For 
years,  we  have  pursued  the  holy  grail  of 
space-based  radar  (SBR),  only  to  be  thwarted 
by  the  power-aperture-product  problem.  To 
get  the  quality  required  for  tracking,  the 
spacecraft  must  be  at  a  rel  ati  vel  y  I  ow  al  ti  tude, 
and  to  get  the  global  coverage,  one  must  orbit 
a  great  many  spacecraft.  This  conundrum  led 
to  an  expensive  program.  New  technologies 
in  miniaturization,  power,  and  antenna  de¬ 
sign  may  permit  an  affordable  SBR  (the  new 
term  is  ground  moving  target  indicator 


[GMTI ]) .  Moreover,  the  capability  and  effi¬ 
ciency  of  an  SBR/GMTI  would  necessitate  an 
entirely  new  concept  of  operations.  But  there 
is  good  news  here:  to  demonstrate  the  poten¬ 
tial  of  such  a  system,  DARPA  has  teamed  with 


The  Air  Force  has  always  been 
bedeviled  by  concerns  over  making 
space  a  battleground. 


theAi  r  Force  and  NRO  ontheD/scoverer//.This 
technologydemonstration  will  fly  two  proto¬ 
type  spacecraft  by  2003,  paving  the  way  for 
th  ede  vel  o  p  ment  an  d  de  pi  oy  ment  of  aco  n  stel  - 
I  ati  on  of  24^18  sat  el  litesby2010.Theprogram 
seeks  to  employ  commercial-design  practices 
to  pro  d  uceo  p  era  ti  o  n  sat  el  I  i  tesat  costsof  $  100 
million  per  unit. 

As  for  weapons,  the  Air  Force  has  always 
been  bedeviled  by  concerns  over  making 
space  a  battleground.  Consequently,  the  Air 
Force-and  the  Army,  for  that  matter— has  had 
a  number  of  unsuccessful  antisatellite  (ASAT) 
programs.  I  antici  patetworeasonsthat would 
stimulate  a  wider  debate  on  ASAT.  First  is  the 
phenomenon  that  serves  as  the  subject  of  this 
article-the  commercialization  of  space.  As 
more  capabi  I  ity  moves  to  space  and  as  we  be¬ 
come  criti  cal  ly  de  pend  ent  upon  that  space  in¬ 
frastructure  for  our  day-to-day  living  (much 
lessour defense),  I  thinkthe nation  will  want 
to  pro  videthenecessary  protection  anddeter- 
rence  to  attack.  Here,  the  naval  analogy  of 
freedom  of  theseasisapt.Thesecond  reason  is 
that  the  proliferation  of  high-resolution, 
remote-sensing  systems  presents  opportuni- 
ti  esf or  o u  r  ad  ver  sar  i  esto  tar  get  o u r  fo rces an d 
facilities  from  space.  I  think  our  commanders 
in  the  field  would  want  a  system  to  negate  the 
threat  posed  by  this  targeting  capability. 

As  for  permanently  based  weapons  in 
space,  for  the  mainstream  body  politic,  this 
subject  has  always  been  politically  incorrect. 
Frankly,  I  think  that  this  will  gradually 
change.  More  and  more  decision  makers  see 
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the  need  for  a  national  missile-defense  sys¬ 
tem,  and  the  most  effective  and  efficient  way 
to  defend  the  United  States  from  missile  at¬ 
tack  would  utilize  a  space-based  system.  The 
Air  Force  is  also  working  with  the  Ballistic 
Missile  Defense  Organization  to  conduct  a 
treaty-compliant  space-based  laser  demon¬ 
stration  by  2008.  Despite differencesof  opin¬ 
ion  as  to  the  correct  technical  solution,  the 
maturity  of  the  technology,  and  a  plausible 
date  for  launch,  we  have  discourse.  Thecoun- 
try  must  i  n  vest  i  n  these  ena  bl  i  ngtech  nol  o  gi  es 
to  ensure  that  we  are  ready  when  the  need 
arisesandthepoliti  cal  will  becomesmanifest. 
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